A new detection system, the magnetic immuno-polymerase chain reaction (PCR) assay (MIPA) has been developed to detect Listeria monocytogenes in food. This method separates Listeria cells from PCR-inhibitory factors present in enrichment broths containing food samples by using magnetic beads coated with specific monoclonal antibodies (MAbs). The separated bacteria were lysed, and the supernatant containing the bacterial DNA was subjected to the PCR. Detection ofL. monocytogenes (10), rapid and reliable detection methods for Listeria spp. and especially L. monocytogenes are important. L. monocytogenes may be present in small numbers in food along with large numbers of bacteria that are members of the competitive flora (for a review, see reference 7). The classical method to detect L. monocytogenes in food involves selective enrichments and subsequent culturing on a selective medium to obtain colonies, followed by biochemical and/or serological confirmation and differentiation of Listena species (7, 13, 16). These methods are laborious and usually take several days to produce a result.
h of culture in Listeria Enrichment Broth samples from Port Salut artificially contaminated with 40 CFU/25 g.
We could detect 1 CFU ofL. monocytogenes per g of cheese after a second enrichment for 24 h in Fraser broth.
The analysis time including both enrichments is approximately 55 h.
Because outbreaks of listeriosis are known to be caused by food contaminated with Listena monocytogenes (10) , rapid and reliable detection methods for Listeria spp. and especially L. monocytogenes are important. L. monocytogenes may be present in small numbers in food along with large numbers of bacteria that are members of the competitive flora (for a review, see reference 7) . The classical method to detect L. monocytogenes in food involves selective enrichments and subsequent culturing on a selective medium to obtain colonies, followed by biochemical and/or serological confirmation and differentiation of Listena species (7, 13, 16) . These methods are laborious and usually take several days to produce a result.
Immunologic methods, such as those based on the enzyme-linked immunosorbent assay (ELISA) (11, 15) , offer faster and specific alternatives. Although the assays themselves last only 2.5 h, time-consuming enrichment and plating steps are still required because of the detection limit of 105 to 107 CFU/ml in these assays. Another disadvantage of these immunologic assays which detect bacterial cells is the absence of discrimination between pathogenic L. monocytogenes and nonpathogenic Listeria innocua. The major differences between these species are the excretion of some proteins, including listeriolysin 0 and the delayed-hypersensitivity factor (DTH), by L. monocytogenes. Therefore, additional tests to differentiate these species must still be performed to confirm the presence of L. monocytogenes.
Recently, the use of specific DNA probes (3, 6, 18) and the polymerase chain reaction (PCR) (1, 2, 24) to detect L. monocytogenes has been described. However, inhibition of the Taq polymerase by components of food, enrichment media, or large amounts of DNA may lead to false-negative results. An (17) . Thirty-five amplification cycles were performed, each consisting of denaturation at 94°C for 1 min, primer annealing at 50°C for 1 min, and extension at 72°C for 1 min. The total reaction volume was 50 plA.
Products formed in the PCR were analyzed on a 1% agarose gel with ethidium bromide staining. In addition, PCR products were spotted on Z-probe filters (Bio-Rad) and hybridized with a digoxigenin (Boehringer, Mannheim, Germany)-labeled DNA probe encoding the DTH-18 gene of L. monocytogenes described by Notermans et al. (18) . The listeriolysin 0 probe was labeled by using PCR (20) . The conditions were similar to those described above, except for a reaction volume of 100 pA which contained 90 ,uM dTTP and 10 puM digoxigenin-dUTP. 78 of the L. monocytogenes strains showed the 521-bp PCR product after agarose gel electrophoresis. No detectable product was formed with any of the other Listeria strains, S. pneumoniae, or S. pyogenes clinical isolates. The single L. monocytogenes strain which did not produce a product in the PCR was also negative in a P-hemolysin assay. The identity of the PCR product was confirmed by restriction enzyme analysis with HindIII, DraI, and ScaI.
The listeriolysin-based PCR followed by agarose gel electrophoresis with ethidium bromide staining resulted in the detection of amplified product from 500 cells as determined by both cell counting and culturing on blood agar. When a nonradioactive digoxigenin-labeled DNA probe identical to the amplified sequence was used to detect amplified product on a spot blot, five cells could be reliably detected. No Fig. 1 show that the expected PCR product could be detected in the sample contaminated with 40 CFU/g of cheese. No PCR product could be detected in either 1-, 2-, 5-, or 10-,ul samples of enrichment I of any of the cheese samples. No product was detected when no L. monocytogenes was added to the cheese samples.
When 25 g of Port Salut was contaminated with 0, 1, 10, or 100 CFU of L. monocytogenes serotype 1/2a per g of cheese and a MIPA with listeriolysin 0-specific primers was performed after both enrichment I and enrichment II, samples contaminated with 1, 10, or 100 CFU/g of cheese showed the expected PCR product. No product was detected when no L. monocytogenes was added to the cheese samples (Fig. 2) 10 -fold more than for the direct addition of 1-,u samples. However, the main effect of immunomagnetic separation is on inhibitors of the PCR, since a 105-fold increase in template concentration does not yield a PCR product in the presence of 1 or 2 ,ul of enrichment II. A similar inhibition was described by Wernars et al. (24) , who found a strong inhibition when Listeria DNA was directly extracted from soft cheese. Furthermore, bacteria which bound nonspecifically to the beads did not interfere with the MIPA because of the specificity of the PCR amplification used for detection of the captured L. monocytogenes cells.
MAb A and MAb 55 do not discriminate between L. monocytogenes and other, less-pathogenic Listena spp. This drawback is remedied in the PCR step after magnetic separation. To obtain a PCR amplification which included L. monocytogenes serotype 4a, we developed a new amplification. Primers were chosen to contain the DNA sequence of the gene encoding listeriolysin 0, a hemolysin, since this gene seemed to be specific for L. monocytogenes (21) . However, there was some ambiguity concerning the specificity, because listeriolysin 0 shows strong regional homologies with both streptolysin and pneumolysin (5) . In addition, cross-hybridization of a 1-kb listeriolysin 0 probe with L. ivanovii and L. seeligeri DNAs, which both encode a hemolysin, was reported (12) . In contrast, Datta et al. (5) reported no cross-hybridization of a 650-bp listeriolysin 0 probe and two synthetic probes with either L. ivanovii or L. seeligeri DNA. In this study we showed that the two primers chosen from the listeriolysin 0 gene DNA sequence resulted in the expected product with L. monocytogenes strains, whereas no product was formed when other Listeria species, S. pneumoniae, or S. pyogenes DNA was used as the target in the PCR.
In this paper, the MIPA for the detection of L. monocytogenes is presented. The combination of the immunologic capturing of bacteria and the subsequent detection of the L. monocytogenes separated by the PCR overcomes the major disadvantages of both methods when used alone. Non-L. monocytogenes bacteria which either bound nonspecifically to the beads or also react specifically with the MAbs are not detected in the PCR when L. monocytogenes-specific primers are used. On the other hand, material which inhibits the Taq polymerase is removed during the immunomagnetic separation. Although the MIPA is not optimized, it has reached a fair sensitivity, which is amenable to further improvement.
